Objective: The aim of this study was to analyse changes in body weight and height, and the changes in the prevalence of overweight and obesity. Design: Prospective population based study with 11-year follow-up. Subjects: Norwegian men (n ¼ 21565) and women (n ¼ 24337) aged 20 years or more who participated in two health surveys, the first in 1984-1986 and the other in 1995-1997. Measurements: Height and weight were measured by using standardised procedures at both surveys, and we computed body mass index (BMI) as weight in kilo divided by the squared value of height in meters. Results: Participants who were younger than 50 years at the first survey showed a large increase in body weight, and men and women aged 20-29 years increased their weight with an average of 7.9 kg and 7.3 kg, respectively. Contradictory, participants who were 70 years or older had on average a weight loss. The prevalence of overweight (BMI ¼ 25.0-29.9 kg/m 2 ) and obesity (BMIX30 kg/m 2 ) increased between the surveys, especially in the youngest age groups. Overall, the proportion classified as obese increased from 6.7 to 15.5% among men and from 11.0 to 21.0% among women. Some of this increase was due to a reduction in height, which was most pronounced in the oldest age groups. Conclusion: During approximately 10 years, body weight increased in all age groups below 70 years, and the prevalence of overweight and obese persons was approximately 20% higher at the second survey compared with the first survey.
Introduction
Overweight and obesity are strongly associated with several chronic diseases, such as diabetes, cardiovascular diseases, and several cancers. 1 A positive association between body mass index (BMI) and both total mortality and cardiovascular mortality has also been frequently reported. [2] [3] [4] Another important complication induced by overweight and obesity includes quality of life impairment. 5, 6 As a consequence, both the direct and indirect costs of obesity accounts for a substantial amount of health care expenditures. 7, 8 During the last decades the prevalence of overweight and obesity has increased substantially, and results from the US have shown that the percentage of obese persons (BMIX30 kg/m 2 ) increased from 14.5% in the years 1976-1980 to 22.5% in 1988-1994. 9 Recent studies have confirmed this trend. [10] [11] [12] Owing to the many adverse effects of obesity, monitoring obesity trends at a populational level is of great importance in a public health perspective. In this study, we have utilized standardized measures of height and weight on a large population of Norwegian adults, who participated in two subsequent health surveys. Our aim was to examine changes in height and weight, and the corresponding change in the prevalence of overweight and obesity between 1984-1986 and 1995-1997 .
Methods

Study population
Two large, population-based health surveys have been conducted in the county of Nord-Trøndelag, Norway -the first in 1984-1986 and the second in 1995-1997 (HUNT 1 and HUNT 2, respectively). All citizens residing in the county aged 20 years and older were invited to participate at both surveys, and 74 994 (88.1%) participated in the first and 66 140 (71.2%) participated in the second survey. The surveys included a health examination from which standardised anthropometric measures were obtained, and a selfadministered questionnaire that among other items provided information on medical history and lifestyle factors. A more comprehensive description of the participants, questionnaires and screening procedures can be found at the HUNT study's website (www.medisin.ntnu.no/hunt/). For the purpose of the present study, we included all 21 565 men and 24 337 women with information on height and weight at both surveys. The 11-digit personal identification number that is unique to every citizen in Norway was attached to each participant's record, and this enabled a linkage between individual data from both surveys.
Study factors
In both surveys, height was measured to the nearest centimetre (cm) and weight was measured to the nearest halfkilogram (kg). BMI was calculated as body weight in kilograms divided by the squared value of body height in meters (kg/m 2 ) and categorised into four groups according to WHO classifications 13 (underweight, o18.5 kg/m ). BMI at the second survey was calculated using both height measured at the first and at the second survey, and we calculated the difference between the two values.
Statistical analysis
Stratified by gender and 10 year age groups, we calculated mean values for height and weight at each survey, and for change in height and weight between the two surveys. We also calculated the proportion of people classified as underweight, normal weight, overweight or obese at the two surveys. Additionally, we estimated the difference in proportion within each BMI category at the second survey that was due to a reduction in height between the surveys. All analyses were performed using the statistical software SPSS for Windows (Release 11.5.1, copyright r SPSS Inc. 1989-2002).
Ethics
The participation was completely voluntary and each participant signed a written consent. Both surveys were recommended by the Norwegian Data Inspectorate, and the second survey was approved by the Regional Ethical Committee for Medical Research (At the first survey, the Regional Ethical Committee was not yet established).
Results
In this study of 21 565 men and 24 337 women who participated in two subsequent health surveys, the first in 1984-1986 and the second in 1995-1997, the mean body weight increased between the surveys for both men and women and in all age groups below 70 years (all P-values o.001) ( Table 1 ). Men aged 20-29 years at the first survey had a mean increase in body weight of 7.9 kg (s.d. ¼ 6.4), while same aged women increased their weight by 7.3 kg (s.d. ¼ 7.3). This increase in body weight equals an increase in BMI of 2.5 kg/m 2 for a man of average height (179 cm) and Change in height, weight and BMI WB Drøyvold et al 2.6 kg/m 2 for a woman of average height (166 cm). The increase in body weight became gradually smaller for each subsequent age group, and people who was 70 years or older at the first survey had a statistically significant reduction in mean body weight between the surveys (all P-values o0.001, except for men aged X80 year, P ¼ 0.02). Table 2 shows the age-adjusted mean weight change between the surveys in different categories of BMI at the first survey. We found an increased weight in all categories both among men and women, and except for underweight men, the largest weight gain occurred in people who had a BMI less than 30 kg/m 2 at the first survey.
Overall, we found that the proportion of people with a BMI of 30 kg/m 2 or more (obese) was approximately twice as large in the second survey compared to the first survey, both among men and women ( Table 3) . As indicated by the difference in body weight between the surveys, the largest increase in the proportion of obese people was seen among the youngest participants. The proportion of obese men aged 20-29 years at the first survey increased from 2.9 to 12.4% between the surveys. For women in the same age group, the proportion increased from 3.7 to 11.9%. The increase in the proportion of obese people became smaller with increasing age, but was evident in all age groups. An approximately similar pattern was seen for the proportion classified as overweight (BMI ¼ 25.0-29.9 kg/m 2 ); the youngest age groups had experienced a large increase in the proportion of overweight (from 25.0 to 50.7% for men aged 20-29 years, and from 14.2 to 32.2% for same aged women), while in the age groups 50-59 years and above the differences were less evident. As a consequence of the large increase in the proportion of overweight and obese people, the proportion of people who were classified as having a normal weight (BMI ¼ 18.5-24.9 kg/m 2 ) was markedly decreased between ) was quite small in both surveys, and except from a small decrease in the proportion of young underweight women, the proportions were not markedly different between the surveys.
As shown in Table 1 , we found that mean body height decreased between the surveys in all subsequent age groups after 20-29 years. A reduced height will increase an individual's BMI value even though he or she has been weight stable. We used body weight measured at the second survey to calculate two BMI values for each individual; one using height measured at the first survey and one using height at the second survey. The difference between the two measures of BMI were statistically significant in all age groups 30 years and older (all P-values o0.001), indicating that a reduction in height throughout life may result in an overestimation of BMI. We also computed the age-specific proportion of people classified within each WHO category of BMI, using either of the two height measurements. The difference between these proportions are shown in Figure 1 , and illustrates that the normal weight group was reduced and the overweight and obese group was somewhat increased due to the height reduction. This effect became more evident with increasing age.
Discussion
The most striking results in this prospective study were the large weight gain, especially in the youngest age groups, and the correspondingly large increase in the proportion of overweight and obesity. We also found that weight gain occurred in all categories of BMI, but was most pronounced among those who were in the normal or overweight category at the first survey. According to our results, almost 40% of all women and 50% of all men were classified as overweight or obese at the first survey in 1984-1986, whereas 11 years later these numbers had increased to more than 60% of women and nearly 70% of men. However, our results show that some of the increase in these proportions can be ascribed to a reduction in height during the follow-up years, especially in the oldest age groups. Thus, one may argue that BMI cut-offs for overweight and obesity should be age-specific, since a person who has a stable weight throughout life nevertheless will experience an increase in BMI due to a reduced height with increasing age.
Several studies have shown that body weight is increasing world wide, and a previous study from this population has shown an overall increase in BMI from the first ( HUNT 1 1984 HUNT 1 -1986 ) to the second survey (HUNT 2 1995-1997), but individual changes in height and weight was not examined. 14 In the present study, we utilized information on height and weight among those who participated both in the first and the second survey, and hence, individual changes could be calculated. Based on these data, we found that weight gain was most pronounced in the youngest age groups, while the oldest age groups experienced a decrease in weight during follow up. Weight gain in adulthood has been shown to be absent in some African populations (bushmen) who lived on a diet high in plants and vegetables and low in sugar and animal fat, 15 and this highlights the importance of lifestyle and lifstyle changes as mechansims in the obesity epidemic. Strengths of this study includes the prospective nature of the data, where we were able to link data from the two surveys on each participant and the large study population including all ages. Few previous studies have reported individual changes in weight and height in large populations, ) at the second survey among (a) men and (b) women using height measured either at the first or at the second survey. The difference were estimated by subtracting the prevalence in the different BMI categories calculated using weight at the second survey and body height at the first survey from the same prevalence using weight at the second survey and height at the second survey.
Change in height, weight and BMI WB Drøyvold et al and additionally throughout all age groups. Another strength was the standardised measures of height and weight, because most of the previous studies have been based on self-reported height and weight. [10] [11] [12] Since overweight participants tend to underestimate their weight and all participants tend to overestimate their height; true rates of obesity are likely underestimated in self-reported studies. 16 The large increase in weight among the youngest people is of specific concern, since the risk of developing weight related disease increases with the duration of overweight. Some consequences of the weight gain are probably already observed in this population as an increased incidence of type 2 diabetes.
14 It has been suggested that overweight and obesity accounts for about 15-30% of all deaths due to coronary heart disease and about 70% of type 2 diabetes. 17 It has, however, been presented as a paradox, that the increase in weight coincides with a decreasing mortality of cardiovascular disease. 18 The latency time for developing cardiovascular and other body weight associated diseases is several decades, and as a consequence, it is not yet possible to fully predict the longterm effects of the weight increase in the younger age groups.
In conclusion, this study has demonstrated a large weight gain during the 11-year follow-up period both among women and men, and especially in the young age groups. Consequently, the proportion of overweight and obese people had also increased; every second man or woman had a normal weight at the first survey, but only one in three was classified as having a normal weight at the second survey. This study had no information about changes in specific body proportions, such as waist circumference or visceral adiposity, but this should be emphasised in future studies due to the strong relation between these measures and adverse health outcomes. Moreover, preventing weight gain in adolescent and early adulthood should be an important objective, but intervention studies are needed to evaluate the effect of possible prevention strategies, such as dietary recommendations and exercise programs.
